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Baschek and Oke (1965) have shown that, a f t e r  deblanketing corrections 

Ere mde, the Am stars i n  the Hyades cluster  l i e  t o  the l e f t  of the main 

sequence i n  the color magnitude diagram; we find that the Am stars i n  the 

Coma and Praesepe clusters behave similarly. 

due t o  the low in t r ins ic  rotation of . the  metallic l i ne  stars and i s  shown 

' io be consistent with recent theoretical. work (Roxburgh and Str i t tmat ter  

This i s  interpreted as being 

,l966a,b) which indicates that, a t  a given color, more rapidly rotating stars 

will sppear more luminous. A method is  suggested fo r  determining a "zero 

rotation" main sequence and hence f o r  estimating the in t r ins ic  rotational 

velocity and aspect of individual stars i n  clusters. 

. 
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I. Introduction 

Recently, Baschek and Oke (1965) have shown that, af%er the i r  B-V 

colors have been corrected fo r  excess l i ne  blanketing, the Am stars i n  

the Hyades l i e  t o  the l e f t  of the main. sequence in  the color-magnitude 

diagram. 

a .  

This observation is of considerable in te res t  because Abt (1961) , 

has advanced p o w e M  arguments to show that the Am stars are  in t r ins ica l ly  

slow rotators. 

matter (1966a,b), slowly rotating stars shodd l i e  t o  the l e f t  of the =in 

According to  recent theoretical  work by Roxburgh and S t r i t t -  

sequence defined by normal, rapidly rotating, A - s t a r s  and Baschek and Oke's 

discovery offers an opportunity t o  check quantitatively the predictions of 

the theory. 

- 

It is obviously important t o  inquire whether the Am stars i n  other 

clusters behave similarly to those i n  the Hyades. 

i n  the l i terature ,  we have been able t o  show that Baschek and Oke's result 

i s  also true of the Am stars in Praesepe and in the Cons Cluster. Before 

demonstrating t h i s ,  we -first consider Baschek and Oke 's d e b 3 e t i n g  pro- 

cedure and show how the i r  resul ts  can be used t o  obtain the "deblanketed" 

colors of Am stars from the i r  measured B-V and U-B. 

Using information already 

It is  well known that, as i s  i l lus t ra ted  i n  Figure 1, the Am stars l i e  

below the normal, main sequence l ine i n  the two-color diagram. Several 

zctli~rs k j ~ e  c~iiiec%Ured tat, Ciiiti is Cue io %he increased iine-bianketing 

causedby the abnormal number and strength of the metallic-lines rather than 

to differences i n  luminosity o r  atmospheric structure between'the Am stars 

and normal, main sequence stars. Baschek and Oke determined Oeff and log g 

f o r  several normal and Am stars by comparing the i r  continuous energy distri- 

butions and Balmer-line profiles with those calculated f r o m  model atmospheres. 



. h .' * 

B e  contincum scans were, i n  a l l  cases, corrected f o r  the presence of 

metallic l ines  by using high-dispersion spectra. They found t h a t  the Am 

stars have s-Xlar values of log g t o  normal main sequences stars. 

ever, i n  a p lo t  02 

l i ne  stars f e l l  systematically off the l i n e  defined by normal s';ars. This 

nust 5e at t r ibuted t o  the ef fec t  o f  excess l i n e  blanketing on tiie observed 

How- 

against B-V s i m i l a r  t o  Figure 2, the metallic- 'e ff 

values of B-V. 

o f f  the corrected value of B-V, (B-V)c, which a metallic l i n e  star would 

Baschek and Oke used a diagram similar t o  Figure 2 t o  read 

have i f  it were a normal star having the sam 

read in to  tbe normal curve i n  the two-color diagram t o  obtain (U-B)c . 
wzs done by Baschek and Oke f o r  two of the i r  Am stars, 

Beff . I n  turn (i3-V)c was 

This 

T UMa and 63 Tau, 

both of which l i e  s ignif icant ly  t o  the r ight  Qf the normal re lat ion i n  

Egure  2. 

were approximately para l le l  (see Figure 1) and hence assumed that the same 

vector could be used t o  deblanket allh shrs. 

They found that the "deblanketing vectors" f o r  these two stars 

They were thus able t o  

obtain corrected colors fo r  several Am s"ars i n  the Hyades (including 63 Tau 

i tself)  from the UBV photometry of Johnson and Knuckles (1955). The resu l t  

qGoted ear l ier ,  namely that A&e Am stars l i e  t o  the l e f t  of the Byales main 

sequence, %ken followed. 

Baschek and Oke's r e su l t  depends on whether or not the deblanketing 

vectors of d l  Aa stars are indeed paral le l .  

<ais i s  so Secause Conti (1965) has derived values of 

It i s  possible t o  test  whether 

f o r  five addi- 'e ff 

from a rela- eff tional Hyades Am stars. Conti obtained his estimates of 8 

eeff ' tionship between (B-I)6 

obtained by YIlbourne (1960). 

i n  the six-color system and the values of 

The band B on the six-color system i s  not the 

s a 2  as the band B i n  the UBV system; the index (B-I)6 

tive t o  l i n e  blanketing than B-V. 

i s  much l e s s  sensi- 

Fortunately, the relationship between eeff 

. 
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a d  3-V obtained from lYelbourne's data i s  almost ident ical  t o  that given by 

under consideration. Hence the values 'e f f ksckek and Oke f o r  the range of 

f o r  his l i ve  Am stars 
Of 'eff 
f ro3  Saschek and O b ' s  relationship which has been plotted i n  Figure 2. "he 

Ce33;;nketing vectdrs thus obtained, together with those for  63 Tau and T Wa 

are &own in Figure 1. 

given by Conti can be used t o  obtain (B-V)c 

There is clearly a considerable sca t te r  in the directions of the vectors 

i n  Flgure 1. In view of &&e paucity of data, this was attributed t o  random 

and a mean slope Q , i l lus t ra ted  in ' 'eff errors i n  t h e  determinations of 

E g u e  1, was calculated from the relat ion 

in the following section we apply the me& deblanketing vector t o  calculate 

(S-V)c fo r  An stars i n  the Hyades, i n  Praesepe and i n  the Coma Cluster; we 

then o3tain the corrected positions f o r  these stars i n  the color-magnitude 

diagrm of their respective cluster. 

II. & t d l i c - l i n e  Stars  i n  Clusters 

colors of 

The Hyades 

T'.'.e rrean deblanketing vector was used t o  obtain the corrected B-V 

the ;*des stars l i s t ed  i n  Table 1. The nm3ers designating the 
0 

star i n  c o l m  two are  those of van Beuren (1952). 

the last column are  due t o  Conti (1965) with the exception of that f o r  68 Tau 

which is taken from Treanor (1960). 

i n  T&le 1 and of the normal stars in Figure 3 were obtained by combining 

The values of v sini in 

The absolute magnitudes of the h stars 

Zo'nnson and suckle 's (1955) UBV photometry with the distance moduli given by 



Heckman and Johnson (1956). 

not included i n  Heckma and Johnson's list; for  t h e m  we adopted moduli tal- 

culated from van Beuren's distance determinations. 

Two stars i n  Table 1, HR1519 and 16 Ori,were 
L 

c .  

A color-magnitude diagram fo r  the Eyades upper main sequence i s  sham 

i n  Figure 3. ~n t h i s  diagram a~ stars (e.g. HlU403) which are known t o  be 

double-Une spectroscopic binaries have been omitted. The diagram shows 

that when their colors have been corrected f o r  blanketing, the Am stars lie 

along the lower edge of the main sequence close t o  the zero age main sequence 

(Sandage 1957), which is  the solid l i n e  i n  Figure 3. This is the result 

obtained by Baschek and Oke and we shall discus6 its implications la ter .  

note, however, that had we derived individual values of (B-V)c fo r  the 

stars in Tsble 1 from Conti's values of 

deblRnketing vector, the positions of the Am stars i n  Figure 3 would have 

been m e d  slightly; however, the qualitative result would be unaltered. 

We 

instead of using the mean - bee 

(b) The Coma Cluster 

Weaver (1952) lists eight Am stars i n  the Coma Cluster. One of 

these, Tnrmpler 104, i s  a double-lined spectroscopic binary and has been 

omitted from Table 2. This table gives fo r  each of the remaining seven 

stars the values of V, B-V and U-B measured by Johnson and Knuckles (1955), 

and the values of v s in i  obtained by Kraft (1965). The positions of the 

and Knuckles found that the F-type stars i n  Coma have a slight ul t raviolet  

excess re la t ive t o  those in the miles. We have therefore corrected the Coma 

Am stars, not t o  the normal l i n e  in  Figure 4, but t o  one displaced *om it by 

6(U-B) = 0.035 and 

f r o m  their positions in tbe two-color diagram, the ~m stars i n  C O ~ E  ( w i t h  the 

6(B-V) - 0.02. Figure 4 shows in any case that, judged 

-67 
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. -  
exception of Trumpler 62) d.0 not have such large line-blanketing effects  

as %hose i n  the Hyades. It may be noted that the standoff from the normal 

l i ne  i n  Eigure 4 i s  correlated with the v s i n i ' s  given i n  column eight of 

Table 2. 

(U-B)c obtained by applying the mean deb ' le t ing vector. Figure 5 gives 

the corrected positions of the Coma Am s%ars in the color-magnitude diagram. 

We see that l i ke  the Eyades, the Coma Am stars fall systematically to  the 

Columns five and six of Table 2 list the values of (B-V)c and 

l e f t  of the main sewence - the solid l i ne  i n  Figure 5. There are two Ap 

stars plotted i n  Mgure 5, "rumpler 146 (17 Comae) and Trumpler 160 (21 Comae) 

w h i c h  have values of v sini of 15 and 55 km/sec respectively. IIzlis may also 

be taken as evidence that slowly rotating stars fa l l  t o  the l e f t  of the main 

sequence; this point w i l l  be referred t o  again i n  the f ina l  section. 

The Coma c luster  has a distance of about 80 pc and a diameter of about 

7 pc; this will introduce some scat ter  in to  Figure 5 since, unlike the Hyades, 

no corrections have been applied t o  individual stars t o  allow f o r  t h e i r  

spread i n  distance. Rowever, unless the Am stars are  sysA&matically placed 

towards the far side of Coma, this will not alter the conclusion at the 

Am stars fa l l  t o  the le f t  of the main sequence. 

(c) Praesepe 

According t o  Bidelman (1956) Praesepe contains nine Am stars. Two 

other stars KW40 and ~ ~ 5 3 8  were not included i n  Johnson's (1952) UBV photo- 

metry of the cluster. 

two-color diagram (Figure 4) and their  corrected colors, v i e a  mgnitudes 

and v sini's (the latter due t o  Treanor 1960) are  l i s t e d  in Table 3. 

The remaining five stars have been plotted in the 

The 
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calor-mgnitude a rmy of Praesepe i s  given in li"ie;ure 6. 

s-tas l i e  $0 the l e f t  of the main sequence when the i r  colors have been 

Once again Cae AIO 

corrected fo r  excess blaaketing. 

above the turn-off point as defined by the normal stars a d  the possibi l i ty  

I n  Praesepe several of t2e Am stars l i e  

tht the more lmiuous ones a re  evolved cannot be excluded; we shall return 

t o  this poict later. 

711. The Effects of Iiotation 

i n  the grevious section it was shown that, once blanketing corrections 

havz bem E&, the metallic l i ne  stars i n  three clusters  l i e  below tbe ra in  

seqznce 1 s  delioed by the rorr;al cluster members. 

bL-b the An stars e re  pmbably a l l  neabers of close binary systems and has 

A ?sro&iced evizence which indicates that the observed rotat ional  velocit ies are 

correlrted with the orb i ta l  periods. It m y  therefore be assumed t h a t  the 

orb i ta l  and rotation axes tend t o  be aligned, 

hwe  generally low values of v sini, evert wker they a re  mirbers of binary 

Abt (1961) ?AS demonstrated 

Since the metallic l i n e  stars 

systezs i n  which the or3 i ta l  plane i s  inciized a t  a srrall angle t o  the lilie 

of sight, it i s  clear  that these stars are  i intr imical ly  slow ro-&tors. We 

CGW ask xhether the position of the Am stars i n  the Color Xcagnit-dde diagraRjS 

I s  &=e t o  t hz i r  low angular momentun. 

A t  f irst  s ight  t'nis seems an unlikely hypothesis since it i s  a well 

-. ixs positio2 ir the color magnitude diagma will thus depend on the re la t ive  

c h n p  ir; t k s e  parameters. Sweet and Roy (1953) aad Rox'ourgh, GriffitLs, 

a d  Sweet (1965) have considered the structure of uniformly rotating upper 

=in secuelzce stars and Roxburgh and S t r i t t m t t e r  (1966~) subsequently 

evduated t'ne observational parameters Xv end B-V for thzse models as f'unctions . 



of aigii lar ~ x o x a t m .  

c ~ a s e d  t'ile s-lruc",;e of non-iuzifo,-r;lly ro tz t i rq  stars i n  which there i s  no 

c:eridlonsl c i x u l e t i o r ;  these stars zrz cezessarily mgnetic. 

it TCS ?Ocd tbau  rotating stars  viewe2 pole-on a2pear brighter and those 

t-kw& eqxtoor o r  l e s s  bright,-l'han non-rotating stars ori" the s a e  aass. 

P o n  a y  a g l e ,  a ra2ating s"br w i l l  a9pear rediier Yrxm i t s  nor;-rotating 

caater-p:-z. 

j 2.4 -.'- ,-.La - 

Roiburgli and S t r i t t z t t e r  (19662,b) have d s o  dis- 

In a l l  cases 

'r 

Iiowever, a rotating star of a given color ILU 22pear 

t k n  E noc-rotating star of the saae color bit, or  cocse,  of 

d i 5 z r e n t  FSSS. 

02% t o  depznd a b o s t  ent i re ly  on in t r in s i c  rotat ioaal  velocity and Yi-dly 

E% ril on 2 e  =ass o r  aspect o f  tke star. 

sters ro t a t i rg  w-Lt2 e givea velocity a re  z h o s t  c o i r c i k n t  a d  are  a2proa-  

-c ~ L e l y  - parallel  to the  zero rotation mir sequence. 

%raked schezs t icd ly  i n  Figure 7. 

secience i s  give2 i n  terns of the rotational velocity 

Indeed the degree or" brightening a t  a given color t u r z s  

9-t  I s ,  the aa in  seqdences for 

Tie s i tus t ion  i s  illw- 

Eie SLiiX LY from A&e zero rotat ion u i n  v 
v by azi eqress ion  

or' t k  f o r a  

(1) Allv = %V 2 

;. T 1. - -0 K I s  a cozstant depending 0% t k e  model (c.f. Xox3urf;'n and St--'"" A l b b -  

-_ *g&" i, "er 19%). Zheoreticd escimkes for K dcxived f rox  the various co2els 

EZS l i s t ed  ~n %ble 4. 

0: 

gl-sle, %Le second, for stars I n  more r q l d  rotation, ia rd-iici? the Bgaet ic  

z5i centriPugal Zorces are  coqarabie. Tinas, K is  a slowly varying P i c t i o n  

?or non-uni for~y  rotating stars we give two vElEes 

x ; tke first is f o r  slow ro"ators in wh ich  the rcagnetic forces are negll- 

OZ 

v i 2  Se 1d-L i;l i t s  present fora. 

czses Ceperii.s 02 the m5s of t h e  star; de ta i l s  Ere glven by 30~3urgh a d  

v but, s i x e  the t o t e 1  rmge of variation i s  s ~ d l ,  the e q r e s s i o r  (1) 

!The transition velocity 3eti:zen the two 

Sin<LLwpLL,-n (19- ~ L ~ L , u - J u ~ C I c ,  ooa). 

-9- 



Clearly tk a3ove discassion provides a logical connection between the 

law in t r in s i c  rotation of -L'ne Eetaii ic l i n e  stars and t he l r  position i n  tlie 

color c;agnitK;2e diagrm. 

ere h o w a  f o r  both the Ari~ and the brighter normal stars i n  the three clusters 

iSsussed ?=Flier, it i s  p s s i b l e  to  derive an e w l r i c a l  e s t i m t e  of n . \?e 

w i l l  r e t u m  -Lo Tnis point bu-b will consider first an independent observational 

t e s t  02 t h  tneory tdiidi avoids use of the AD stars. 

Since apparent rotational veloci t ies  a d  l u i n o s l t i e s  

. 
.. 

In a, stzdy of the n o m 1  main sequence stars i n  Przesepe, Strittmatter 

(29%) b s  s:iom that, i f  the stars a re  ci ivided in to  groaps according t o  color, 

L L a ,  witnin any g r o q ,  the stars with above average v sini terii: a lso t o  be A. 

>ri&iter. VLLaes of v - ( v ) were plotted against <v  s ini)* - ( (v s ini)  2 >, 
T ,.ri4Lre 7.F 3 ,. ( ) denotes an average over any color group; 6 straight l ine,  slope icc I 

m s  fLtted to the data. 

a e s  a re  m 4 0 a l y  oriented, we -have (Clxadrasekhar and F3nch 1950) 

If it i s  assuaed tbt within a.ny g roq ,  tLe rotation 

S l x e  xe exyect a relat ion of the f o m  (1) t o  eldst between E4v a d  v 2 , a 

sbLkz - zp2m re iat lon should exis t  between hiv and (v  sinil2 j t k e  C ; m t i t y  

M' gro,vi-des m e s t i w t e  of the grzdient i n  %his reletion, and hence, f r o g  

eqLatio2 ( 2 ) ,  an estimate of .n . 
e 2  is szb:ect t.0 8n internal  error of aboilt 15 - 20 percect. 

of ( (v  s in l )  ) a d  %he derived estiinate of n' , the zean skift i n  nagni- 

xz2e ITZS o'atained for each group, and hence, from the 'mom values of 

cke a3xoxizzte mgnitilde 02 a non-rotating star a% ea& group color. 

pve an es-ciraze of the zero rotation maln sequence for ?raesepe, t3e &shed 

--AS LE 3igcL-e 0. 

CeTiaec SY TLZ slowly rotating stars of l a t e r  spectral  t y y e  (<b$ is, B-v 2 

Tnis i a t t e r  quantixy i s  l i s t e d  i n  TebLe 4, 

Zrom xhe values 

2 

( V ) , 
Ziis 

- .  / 3y f i t t i n g  a l ine  of the s a x  gradient t o  the sequence 

-10- 



0.45) i n  the -des and Coma clusters, approximate zero rotation main 

sequences were obtained for  these clusters also. These are the dashed 

l ines i n  Figures 3 and 5, respectively,. We note Ut in both cases the 

Am stars l i e  along the estimated zero rotation sequence and show l i t t l e  

scat ter  about it. .The Am stars i n  Praesepe phow more scat ter  but,since 

most of them axe to the left of the turn off point as definedby the normal 

. 

stars, this may be attr ibuted to  evolutionary effects. 

stars i n  Praesepe are of l i t t l e  use in providing an estimate of 

For t h i s  reason Am 

H . 
.The Am stars i n  the wades and Coma clusters may, however, be used t o  

e s t a t e  K . We consider the Hyades first. With the exception of 68 Tau, 

the Am stars l i e  in a relat ively small interval  of B-V. 

pate the average value of % and (v si&) 

We therefore com- 

f o r  both the Am and the normal 2 

stars in this interval.  

tated, re lat ion (2) enables us t o  obtain the average v2 in each category; sp ' 

If we assume that rotation axes are  randomly orien- 

estimate of n i s  then given by 

Alternatively, we may consider a wider range of colors and measure the shifts 

. .. ' .  . AMv of individual stars from the estimated zero-rotation main sequence. ' The 

value of H may then be determined by substituting Mv for Mv i n  equation 

(3); t h i s  method increases the number of stars i n  the sample. 

the two cieteminations of 

Table 4. 

s u r  WQ41 

. The resul ts  f r - b  

H are closely similar and the i r  mean i s  given i n  

The rotational velocities used are  those given by Kraft (1965); the 

i s  not included in Kraft'h; l i s t  and therefore could not be con- 
/ sidered in these estinates. 

to %e evolved. 

. .  

m e  star VB72 was also excluded since it apsears 

-111 
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. .  . 
The metallic l i n e  stars i n  the Coma cluster occur i n  a region of the 

color magnitude diagram i n  which there are  few normal stars. 

measured shifts 

We therefore 

AMv from the estimated zero rotation main sequence fo r  

stars bluer than €3-V = 0.41, thereby increasing the number of normal stars 

i n  the sample. 

The stars 107, 125 and 130 i n  Trwrrpler's (1930) l is t  were omitted from the 

The rotational velocities used a re  again due to Kraft (1965). 

calculation as they may be evolved. A n  estimate of H was obtained as before. 

and is  l is ted i n  Table 4. 

the gaucity of the sample of normal stars. 

It is, however, 'of doubtful significance owing t o  . 

. 

The data assembled in Table 4 indicates t ha t  the models of non-uniformly 

rotating stars give results f o r  H which are i n  f a i r l y  close agreement w i t h  

those obtained from observations. 

derived from cluster  coloxwnagnitude diagrams is considerable (about 40 percent) 

Though the scatter i n  the yalues of H 

' t h e  difference between these estimates and that predicted from models of uni-  

formly ro"ating stars is significantly large. I Although more detailed stellar 

models, including accurate opacity and nuclear generation data, are necessary, 

it is extremely unlikely that more -precise calculations w i l l  a l t e r  the predicted 

'value of n sufficiently t o  affect  this basic conclusion. 

N. Sumnary asd Discussion 

. We sumarize our main findings as follows: 

(1) After deblanketing corrections are made, %ne metaiiic iiae &"firs i n  
4 

the Hyades, Raesepe and the &ma cluster  l i e  t o  the l e f t  of the main sequence 

band defined by the normal stars. 

of the Am stars. 

This i s  taken t o  be an i ~ ~ t ' r i n s i c  property 

( 2 )  !Die position of the Am stars in the color magnitude diagram is due 

to their low angular momentum compared w i t h  stare of similar a 6 s .  This cir-  

. .  



I 
~* 

* 

i cumstance enables us t o  determine empirically the approximate position of 

the'zero rotation main sequence f o r  clusters in w h i c h  ~m stars are  found. 

Observational evidence for  the effects of rotation are  i n  rough 
I 

I 
1 .  (3 )  

quantitative agreement with estimates obtained from models of non-uniformlx 

rotating stars. 

Since the peculiar A stars are  thought t o  be slow rotators (Deutsch 

1965, Searle and Sargent 1965) we would also expect these star6 t o  l i e  to 

the l e f t  of the main sequence when they are  found i n  clusters. 

given by Baschek and Oke (1965) for the two stars 

Results 

@ Cr B and 52 Her 

indicate tha t  the tieblanketing procedure f o r  the Ap stars i s  more complicated 

than that fo r  the Am stars and must be done separately for  each star. How- 

ever debhnketing effects decrease with increasing temperature and we may 

expect the hotter stars t o  have normal colors. Eggen (1963) has sham that 

the Am and Ap s t a r s  i n  the Hyades moving group lie i n  a band i n  the color 

magnitude diagram which intersects and l i e s  generally above the sequence fo r  

nomad. stars. We suggest that, i f  blanketing effects are taken into account, 

this band w i l l  swing about i t s  high magnitude end un t i l  it l i e s  along the 

lower edge of the main sequence. 

low angular momentum of the Ap and Am stars. 

the Ap star 17 Comae l ies  close t o  the normal l ine  i n  the two color diagram 

\ . ! ( l p e  '.' u u  - -= A8 +L--+-n-.n U & A L & L . Z Y I I  n-nhnhly z---- unblanketed; it also lies close to the  

zero rotation main sequence for the Coma cluster (Figure 5) and has the low 

observed rotational. velocity v s i n i  of 15 km/sec. 

vide a means of extending to  bluer colors the empirical zero-rotation main 

sequence derived from the Am stare. 

This would be a direct  consequence of the 

In this connection we note that 
-. 

?-. 

* *  

The Ap sta~s may thus pro- 

. 
Both 17 Comae and 68 Tau13 are examples of 'blue stragglers' ,  tbat is 

of blue stars on the msin sequence above the turnoff point defined by the 
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I .  

normal stars. A possible explanation i 6  that these 'blue stragglers'  are 

slow rotators, and that the other stars of s i m i l a r  mass have been shifted 

to  the red because of their rotation. Such an explanation is  compatible 

with the observations f o r  the -des and the Coma cluster. It would, how- 

ever, imply that the age determinations based on the cluster turnoff point 

need revision. 

main sequence than a totating star of the same mas6, the blue stragglers 

provide an upper bound t o  the age of the cluster, provided of course that 

all the cluster members were formed a t  essentially the same epoch. It i s  

also possible that the empirical determination of the zero age main sequence 

(Sandage 1957) will require correction fo r  the effects of rotation. 

Since a non-rotating star has a shorter lifetime on the 

A method for differentiating observationally between slowly rotating 

stars and rapid rotators  seen pole-on has been suggested elsewhere (Roxbur&, 

Sargent, and Strittmatter 1966). 

clusters and depends on 

the zero-rotation main sequence. 

star may then be obtained from. equation (1). 

It i s  applicable principally t o  stars i n  

AM. , the shift; i n  magnitude at a given color from 

Tne in t r in s i c  rotat ional  velocity of the 

Our work bas shown that the Am 

stars provide a good e s t a t e  of the zero-rotation main sequence, the deter- 

mination of w h i c h  is essent ia l  t o  the method. 

clusters i n  which Am stars are found, it shouldbe possible to  derive an 

By coajbining resul ts  f o r  several 

.. 

e-iricsl zero-rotation, zero-age main sequence. 

This work arose out of discussions a t  the AAS-NASA Sympo.sium on bbgnetic 

, and other Peculiar and Metallic Line Stars held a t  the Goddard Space Flight 

Center, Greenbelt, Maryland on 8-10 November 1965. 

the National Science Foundation. 

The work was supported by 

One of us (P.A.S.) i s  indebted to the 

Commonwealth Fund, New York for  the award of a Earkness Fellowship. This work 

has also been svgported in part by NASA through Grant N6G-357. 
. ,  

. I  



REFERENCES 

Abt, H. A. 1961, Ap. J. Supple., 6 37. c 

Baschek, B., and Oke, J. B. 1965, Ap. J., 141 1404. 

Bidelman, W. P. 1956, P. A. S. P., 68, 38. ' 

QlandraSdbr, S., and Mbch, G. 1950, 4. J., 1l.l 142. 

Conti, PO 1965, Ap. J. Supple., 2, 47. 

Deutsch, A. J. 1965, Paper read at  A.A.S.-N.A.S.A. Symposium, Greenbelt, lvlaryland 

Eggen, 0. J. 1963, A. J., 68, 697. 

He-, 0. and Johnson, H. L., 1956. 

Johnson, H. L. 1952, Ap. J., 124 477. 

Johnson, H. L., and Knuckles, L. F., 1955, Ap. J., 122, 209. 

Klein Wassink, W. J. 1927, Groningem Pub. No. 41. 

Kraft, R. P. 1965, Ap. J., -, 142 681. 

hielbourne, W. G. 1960, Ap. J., 132 101. 

Roxburgh, I. W., Sargent, W. L. W., and Stri t tmatter,  P. A. 1966, Observatory, 

2 

7' . 

-, 

-2 

-' 

i n  press. 

Roxburgh, I. W-, and Stri t tmatter,  P. A. 1966a, M. N. i n  press. 

1966b, M. N. i n  press. 

1966c, Z t .  f .  Astr. (in press). 

Roxburgh, I. W., Griffiths, J. S., and Sweet, P. A. 1965, Zt.  f. Astr., 61, 203. 
Sandage, A. Ti. 1957, =, 435. 

Searle, L., and Sargent, W. L. W. 1965, Paper read a t  A.A.S.-N.A.S.A. Symposiurb', 

Greenbelt, Maryland. . 
S t x i t a t t e r ,  P. A. 1966, Ap. J., ( i n  press). 

Sweet, PO A. and ROY, A. E. 1953, M. N. 113, 701. 

Treanor, P. J. 1960, M. N., 121, 503. 

Trumpler, R. 5. 1930, Lick Obs. BU., 154. 

-15- 



van Beuren, €I. C. 1952, B. A. N. 11, No. 432. 

Weaver, H. E. 1952, 4. 5. 116, 541. 

.. 

.: , 

. 
..  

a. 

-16- 



Sta r  

60 Tau 

63 Tau 

68 Tau 

81 Tau 

HR 1519 

16 o r i  

Oef f 

TABLE 1 

Metallic-line Stars in t h e  Hyades 

- 

0.685 

0.64 

0.54 

0.620 

0.574 

0.616, 

B-V 

0.320 

0.296 

0.050 

0.259 

0.187 

0.242 

U-B . 

0.102 

0.135 

0.060 

0.097 

0.125 

0.143 

C 

(B-V), 

0.w 

0.225 * 

0.030 

0.185 

Q. 097 

0.180 

0.016 

0.064 

0.035 

0.075 

0.076 

0.084 

Mv ' 

2.83 

2.50 

1.28 

2.37 

1.93 

2.32 

vsini - 
15 

. a0 

w 
15 . .  

4 0  

20 

.. 
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Truqler No 

62 

68 

82 

139 

144 

145 

183 

.. 

TABLE 2 

Metallic-line Stars in the Coma Cluster 

Name 

8 Corn 

HD 107168 

HD 107513 

HD 108486 

HD 108642 

m 108651 
22 Corn 

_ .  

(B-v) ' 

0.167 

0.177 

0.275 

0.163 

0.179 

0.207 

0.108 

(-3) 

0.147 

0.094 

0.026 

0.096 

0. log 

0.088 

0.096 

< 

(WC 

0.102 

0.170 

0.275 

0.154 

0.160 

0.195 

0.080 

(U-3) 

0.076. 

0.087 

0.026 

0.0% 

0.088 

0.078 

0.068 

V 

6.27 

6.67 

7.42 

6.76 

6.54 

6.65 

6.29 

vsini - 
a2 

95 

50 

30. 

42 

a2 

0 

.. 



Klein wassink ' 
No. . 

224 

T.ABIJl?I 3 

Metallic-line Stars in Praesepe 

HD NO. 

73618 0- 193 0.142 

0.160 0.13 

0.201 0.153 

0.190 0.127 

0.323 0 . u .  

276 

279 . 

0.142 

0.115 

0.142 

0.152 

0.260 

73711 

73709 

0.088 

0.082 

0.088 

0.090 

0.045 

286 

350 

V 

73730 

73818 ' 

7.32 

7.54 

7.70 

8.02 

8.71 

vsini 

70 

4 5  

4 5  

4 5  * '  

80 



. 

1 
Source of Estimate 

Models of uniformly rotating stars. 

Models of non-uniformly rotating stars: 

(a) Slow rotators. 

(b) Rapid rotators. 

Normal stars in Praesepe. 

Am stars in the Hyades. 

Am stsxs in the Coma cluster. 

TABLE 4 

Determinations of the Constant x 

5 H x 10 

0.2 - 0.3 

1.65 

1,35 

1.1 

1.7 

1.4 
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Fig. 1 

Fig. 2 

Fig* 3 

Fig. 4 

JFig. 5 

Fig. 6 

Fig. 7 

Two-color diagram 

CAPTIONS FOR FIGURES 

f o r  the Am s t a r s  observed by Baschek and Oke and by 

Conti. 

observed colors of each star i n  order t o  obtain the color correspond- 

ing t o  effective temperature. m e  mean l i ne  used t o  obtain corrected 

colors fo r  other Am stars is  also i l lustrated.  

Baschek and Oke's mean relation between 

( f i l l ed  circles) is  shown by the so l id  l ine.  

how the Am stars of Figure 2 depart from this relation. 

Color-magniiude diagram f o r  the Hyades cluster showing the effect  of 

correcting the colors of the Am stars. 

main sequence; the dashed l i ne  i s  the estimated zero-rotation main 

sequence. 

Two-color diagram f o r  the Am stars i n  Praesepe and i n  the Coma cluster. 

Color-magnitude diagram f o r  the Coma cluster showing the effect  of 

correcting the colors of the Am stars. 

of normal stars and the dashed l i ne  is the estimated zero-rotation main 

sequence. Stars 146 and 160 are Ap stars with small v sini .  

Color-magnitude diagrasr f o r  Praesepe showing the effect  of correcting 

the colors of the Am stars. 

rotation main sequence. 

The arrows show the corrections w h i c h  must be applied t o  the . 

eeff and B-V f o r  normal stars 

The diagram i l l u s t r a t e s  

The sol id  l i ne  i s  the zero-age 

The sol id  l ine  i s  the sequence 

The dashed l ine  i s  the estimated zero- 

0 

Schematic color-magnitude diagram showing the effect  of rotation. 

pole-on and equator-on-main sequences f o r  stars with given rotation 

velocity v a re  the l ines  pp and ee respectively. Stars observed 

at  0, will have masses corresponding t o  non-rotating main sequence 

stars found a t  P and E according as they are seen pole-on o r  

equator-on respectively. 

The 
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